Quantum teleportation is an important research content in quantum information, and it has the main research value in quantum computation and quantum communication. By combining with classical communication and quantum entanglement resources, quantum teleportation realizes the remote transmission of unknown quantum states. With the in-depth study of quantum teleportation in theory and experiment, scientific researchers have made a lot of achievements. In 1993, quantum teleportation was proposed firstly by Bennett et al. [1] . In 1997, J. W. Pan and Bobst were firstly realized the remote transmission of unknown quantum states [2] . In 2009, University of Science and Technology of China and Tsinghua University completed 16km free space quantum teleportation between Badaling Great Wall and Huailai County [3] . In 2012, J.W. Pan et al. realized the hundred kilometers of free space quantum teleportation and entanglement distribution [4] . In 2016, F. Grosshans used city dark fiber to achieve 3.7 miles (about 6km) quantum state transmission [5] . In addition, high dimensional entanglement and hyperentanglement are attracting much attention recently [6] , [7] , [8] , [9] , [10] , [11] , [12] . In 2011, Y.B. Sheng proposed teleportation of multi-degree of freedom [6] , and it is demonstrated in the experiment [7] . Preparation of high-dimensional entanglement has made a breakthrough [8] , [9] , [10] , [11] . The mathematics of teleportation involves the anti-conjugate operation, which is thoroughly reviewed in [12] . In 2017, Z.Y. Zhou presented a quantum twisted double-slit experiment to address the question that whether quantum states are real or not [13] . Moreover, teleportation is crucial in distributed quantum learning [14] .
Since the concept of quantum teleportation is proposed, researches about theory of quantum teleportation, the experimental analysis [2] , [3] , [4] and the application of assumptions have never ceased. Recently, quantum teleportation becomes a hot spot in quantum information research field, and researchers have proposed some novel schemes using different entangled states as quantum channel such as EPR state [5] , W-like state [15] , [16] , GHZ state [17] , [18] , [19] , [20] , GHZ-like [21] , [22] , [23] [25] presented scheme for quantum teleportation of an arbitrary two-particle state by using one-dimensional cluster state. Transferring a threeparticle state by utilizing a five-particle cluster state of QT is proposed by Zhou and Liu [26] . Binayak S. Choudhury proposed a quantum teleportation protocol of three-qubit State utilizing four-qubit quantum channels [27] .
Research about the preparation of cluster state has been constantly in progress, and it has made a breakthrough in theory and experiment. A number of schemes of preparing cluster state have been proposed, such as photons [28] , ions [29] , atoms [30] and cavity fields [31] . Preparations of a twoparticle cluster state and a four-particle cluster state were proposed respectively [32] , [33] . Preparing an eight-particle entangled state in cavity QED is proposed by Li, Sang and Nie [34] . In terms of experiment, the four-particle cluster state and the six-particle cluster state were generated under laboratory conditions [35] , [36] . In Ref. [37] , Nie et al. proposed a quantum information splitting scheme with controlled-NOT operations to teleport an arbitrary three-qubit GHZ-type state. All above contents motivate us to study the applications of six-qubit and eight-qubit cluster states.
In this paper, we utilize an eight-qubit cluster state to teleport a six-qubit state. Firstly, the sender Alice operates an eight-particle von-Neumann projective measurement. Then, Alice informs the receiver Bob of her measurement results by the classical channel. Finally, Bob gives a corresponding general evolution, and restores the target states. The successful probability of our scheme is 1.
II. MAIN RESULT A. Quantum Teleportation of six-qubit state
Alice wants to transmit an unknown six-qubit entangled state to a distant receiver Bob. The six-qubit pure quantum state is described as
Alice wants to teleport the state |χ abcdef to Bob. Suppose one quantum channel shared between Alice and Bob : an eight-qubit cluster state is given by,
where the qubits a, b, c, d, e, f, 7 and 8 belong to Alice, qubits 1, 2, 3, 4, 5 and 6 belong to Bob, respectively. Therefore, the state of the whole system composed of an unknown six-qubit state and a quantum channel is given by
The details of the state of the whole system is listed in Equation 21 . The mutually orthonormal eight-qubit states in Alice s possession θ i adcdef 78
(i = 1, 2, · · · , 16)are given by,
In our scheme, firstly, Alice operates an eight-qubit vonNeumann projective measurement on particles a, b, c, d, e, f, 7, 8. Then, Alice transmits the measurement result to Bob during the classical channel. Bob operates a corresponding unitary transformation on his particles. Finally, the state of Bob s particle is changed to the target state. Our scheme is a deterministic scheme and the successful probability is 1. The measurement results and the unitary transformation are listed in Table 1 .
B. Comparisons with other schemes
To illustrate the superiority of our scheme intuitively, we make some comparisons between our scheme and other typical schemes presented before in references [27] , [38] . Firstly we give some concise reviews on the Z and B schemes.
In [27] , Binayak S. Choudhury and Arpan Dhara presented a perfect teleportation protocol for certain class of three-qubit entangled states. They use three four-qubit cluster states as quantum channels. Firstly, Alice performs three four-qubit von-Neumann projective measurements on particles (a, 1, 2, 3), (b, 5, 6, 7), and (c, 9 10, 11), respectively. Then, Alice sends her measurement results to Bob, Bob applies the appropriate unitary operations on his qubits 4, 8, and 12. Finally, the target state is restored.
In [38] , Zhu H.P. proposed a scheme for quantum teleportation of an arbitrary two-qubit state via GHZ-like states. He use two GHZ-like states as quantum channels. Its basic idea can be described as that Alice performs two three-qubit vonNeumann projectivemeasurements, Bob can restore the target state by operating appropriate unitary transformations. 
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Now let us compare our scheme with the above two schemes. The intrinsic efficiency of the communication scheme is defined [39] as
where q s is the number of qubits that consist of the quantum information to be exchanged, q u is the number of the qubits which are used as the quantum channel (except for those chosen for security checking), and b t is the classical bits transmitted.
According to Equation 12 , we calculate the intrinsic efficiency of our scheme and references [27] , [38] , the η is 6/16, 2/12 and 3/24 respectively. We can find that the η of our scheme is higher. In addition, our scheme only needs one quantum channel, the Z and B schemes need 2 and 3 quantum channels respectively. Our scheme consumes less quantum resources.
By comparison above, our scheme has better performance. Moreover, the generations of the six-particle and eight-particle cluster state have been achieved in laboratories respectively references [35] , [36] . That means that our scheme based on the eight particle cluster channel is feasible within the reach of current technologies. In summary, we propose a deterministic scheme for the teleportation of a six-particle state. In our scheme, Alice operates an eight particle projective measurement, and Bob can reconstruct the teleported state by the measurement results from Alice. In section 2, we also have compared our scheme with other schemes proposed recently on four aspects. Comparisons show that our scheme possesses higher intrinsic efficiency, needs fewer quantum channels and consumes less quantum resources. In addition, based on the existing technologies our scheme is feasible.
